SUMMARY -Age-related macular degeneration (ARMD) is the leading cause of blindness in developed world but there are still much unknown facts about the disease itself. Age, genetic factors and smoking are the three main risk factors for the development of ARMD, but the exact pathophysiological mechanism of the disease remains unknown. Current high resolution optical coherence tomography devices provide ample new information on retinal layers, drusen characteristics and their interaction. In this study, we analyzed 44 eyes with drusiform dry ARMD using high resolution optical coherence tomography over a 2-year period. Our results showed a statistically signifi cant increase in drusen number in both females and males in the 2-year period. On average, increment by 4 and 5 drusen per eye during the 2-year period was recorded in female and male patients with drusiform dry ARMD, respectively. Also, statistical analysis of the central retinal thickness showed that women with drusiform dry ARMD had a statistically signifi cantly thinner macula than their male counterparts.
Introduction
Age-related macular degeneration (ARMD) is a progressive, multifactorial, neurodegenerative disease and one of the leading causes of blindness in developed world. It is an elderly population disease. Approximately 10% of the population older than 65 years has some form of ARMD 1 . Older age as the most signifi cant risk factor for ARMD, together with genetic predisposition and smoking, makes favorable conditions for ARMD appearance [1] [2] [3] [4] [5] [6] . Th ere are two types of ARMD, nonexudative or dry and exudative or wet one. Dry form of ARMD disorder of macula is characterized by one or more of the following fi ndings: retinal pigment epithelium (RPE) abnormalities and drusen or areas of geographic atrophy. Patients diagnosed with dry form of ARMD have mild disturbances in the quality of vision. Th ey may complain of discrete blurring of vision, changed color perception or altered contrast sensitivity. Over years, most patients with dry ARMD remain in dry stage of the disease but notice some degree of disease progression, which may aff ect their daily activities (car driving, social activities, etc.) and the quality of life 7 . It is still not known for sure what mechanism of vision is worsening in patients remaining in dry form of the disease. On the other hand, if patients with dry form convert to the wet form, they experience signifi cant and rapid worsening of vision due to the formation of neovascular membrane in macula 8 . Normal function of retinal photoreceptors in macula requires healthy auxiliary structures, RPE, Bruch membrane (BrM) and choroid. RPE cells envelop and phagocytize outer parts of photoreceptors, deliver nutrient for photoreceptors, but also serve as a barrier that protects photoreceptors from unfavorable factors from the choroid. Under RPE lies Bruch membrane, a structure made of extracellular matrix and with a similar role as RPE concerning protection of photoreceptors. Drusen, the hallmark of dry form of ARMD, are situated between RPE and Bruch membrane and are mostly made of lipids (40%) and various proteins 9 . It is still not known for certain which cells participate in the forming of drusen. Some studies suggest that drusen originate from RPE, other suggest that they originate from choriocapillaris, but the most likely option is that both RPE and choroid participate in drusen formation.
Before the optical coherence tomography (OCT) era, drusen were graded upon their width (small, intermediate or large) and appearance (soft, hard or confl uent) on color fundus photography or with indirect ophthalmoscopy 10 . Today's high resolution OCT is a fast noninvasive noncontact and most frequently used tool for analyzing macular structure 11 . Compared to standard indirect ophthalmoscopy, it provides much more information on retinal layers and drusen characteristics, e.g., central retinal thickness (CRT), height, width, refl ectivity, homogeneity, and photoreceptor and RPE atrophy 12, 13 . It is well known that the number of drusen increases over time but we found no study so far to quantify increase in drusen number in patients with dry ARMD 14 . In a prospective fashion, the present study compared changes in drusen number and CRT in male and female subjects over a period of 2 years.
Patients and Methods
In our prospective study that lasted for 2 years, we enrolled 44 eyes of 27 patients (20 female and 7 male patients) having dry drusiform ARMD. In 17 patients, both eyes (left and right) were enrolled in the trial, while in another 10 patients we enrolled just one eye. Patients diagnosed with drusiform dry ARMD on fundus examination were screened for inclusion criteria. After dilating pupils using 1 drop of tropicamide and 1 drop of phenylephrine hydrochloride at 10-minute interval, we performed OCT scans of macular area. We included eyes in which drusen were confi rmed on OCT scan in the absence of wet ARMD signs and if the average quality of scans was 5 or higher. Non-inclusion criteria were any other macular or other eye disease (high myopia, glaucoma, epiretinal membrane, etc.), dense cataract or opaque vitreous causing the scan quality to be lower than 5. Th e device used for OCT scanning was Optopol Copernicus. It is an SD OCT with luminescent diode of 840 nm, with 25000 scans in one second, axial resolution of 6 microns and transverse resolution of 12 microns. We scanned drusen using 3 D, 6x6 mm macular mode centered on fovea. Two years later, OCT examination was repeated on the same device in the same fashion. Although we graded every drusen for height, width, refl ectivity and homogeneity, we were mostly interested in fi nding out what was the rate of progression in drusen number over 2-year period and if there were any gender diff erences on comparing CRT.
Statistical analysis
Descriptive statistics was applied for all variables. In all statistical analyses, the level of signifi cance was set at p=0.05. Th e study sample consisted of 27 patients, 20 women and seven men. In four of seven male patients, we enrolled just 1 eye each (3 right eyes and 1 left eye). Also, only one 1 eye was enrolled in six of 20 female patients (3 right and 3 left eyes). Diff erences in the number of drusen and CRT before and after 2-year period were tested with pair test for each eye separately. For comparing total drusen number and CRT according to gender at 2-year period we used ANOVA for repeated measurements separately for the right and left eye.
Results
Th e study included 27 subjects, 20 female and seven male, mean age 67.86 (±8.11) and 70 (±6.01) years, respectively. Th ere was no statistically signifi cant age diff erence between male and female patients (t=0.74, p=0.468).
Signifi cant diff erence was found in drusen number over 2-year period for both the right and left eye. Th e mean diff erence for the right eye was 4.17 and for the left eye 5.05. In other words, the mean increase in drusen number in patients with drusiform dry ARMD was 4.17 drusen for the right eye and 5.05 drusen for the left eye over 2-year period (Table 1) .
Th ere was no statistically signifi cant diff erence in CRT at 2 years either for the right or for the left eye, although data showed that after 2-year period the values of CRT for the right eye were somewhat lower and for the left eye somewhat higher as compared with the baseline values ( Table 1) .
Analysis of variance of repeated measurements showed CRT to diff er statistically signifi cantly between men and women (Table 2, Fig. 1 ). Women had a signifi cantly lower CRT irrespective of the eye and time of measurement. Figure 2 shows that 95% confidence intervals were narrower in women than in men, which can be explained by the predominance of women in the sample. Analysis of CRT showed the interaction between measurement and gender to be statistically signifi cant and indicated that measurements obtained at 2-year interval diff ered between genders. Not 
Fig. 2. Diagram of mean and 95% confi dence interval for drusen number for both eyes in 2-year period.
only that CRT was lower in women but CRT in the left eye showed slight increase as compared to the right eye, whereas in men the results were opposite, i.e. CRT was lower in the left eye than in the right eye.
Concerning diff erence in drusen number and gender, our data showed no signifi cant gender diff erence in drusen number. Th e interaction showed no statistical diff erence either, pointing out the fact that the number of drusen did not diff er according to gender at 2-year interval (Table 2, Fig. 2) . However, at 2 years the number of drusen was higher in both eyes.
Discussion
According to the World Health organization report from 2004, ARMD is the third cause of blindness in the world (8.7%) 15, 16 . What makes the problem of ARMD even more important is longer life expectancy, especially in developed countries, which implies an increase in the number of ARMD patients. It is estimated that by the year 2040, 288 million people worldwide will have some form of ARMD 17 . Although thousands of reports have been published concerning the course of dry form of disease, still plenty of questions regarding drusen and their behavior over time are waiting to be answered.
Age related disease study 1 and 2 (AREDS 1 and AREDS 2) and other studies before OCT era were very important in terms of sorting out drusen based on their morphological characteristics on fundus photography or indirect ophthalmoscopy and recognizing the ones that are more prone to progress to advanced stages of ARMD (atrophy or wet form). Th ose studies also acknowledged the benefi t of taking high levels of vitamins and antioxidants in patients with dry form of ARMD for postponing disease progression 18 . Unfortunately, at the time of conducting those trials, OCT scans were not included in research and all conclusions on the course and risk factors for disease progression were based upon fundus color photography. Indirect ophthalmoscopy and color photography of fundus are insuffi cient tools for diagnosing subtle changes in drusen morphology and therefore insuffi cient for observing drusen changes in dry form of ARMD over time. It was the advent of high resolution OCT devices that started to provide plenty of new information about retinal layers and drusen characteristics. In the past decade, there were a great number of studies that had been investigating the relation of drusen to RPE and various retinal layers. Many of these studies confi rmed dynamic changes of drusen over time. Studies with high resolution OCT have discovered that over time drusen may regress, enlarge or stay the same, some drusen may be related to photoreceptor or RPE atrophy, and some studies have confi rmed the pre-OCT era studies reporting that a large number of drusen and large diameter of drusen are more likely do lead to advanced stages of ARMD 12, [18] [19] [20] [21] . On searching the literature, we found no study that compared changes in drusen number and CRT in patients with dry drusiform ARMD over a period of time.
Our study showed that in a patient with dry form of ARMD, drusen number increased by approximately 4 drusen in the right eye and 5 drusen in the left eye during a 2-year period. Th is is interesting information because, to the best of our knowledge, the increase in drusen number over years was quantifi ed for the fi rst time. Although drusen may disappear, regress, enlarge, stay the same or completely new drusen may appear with time, we showed that the overall number of drusen in our age group generally increased. Th e question remains whether this increment in drusen number by itself could be associated with the loss of vision in dry form ARMD or other pathological changes in retina and RPE need to occur as well.
In our study, we also compared CRT between genders and recorded some interesting results. We found that women with drusiform dry ARMD had a statistically signifi cantly thinner macula (CRT) than men. Although we do not know the reason for such a diff erence, it might be interesting to point out that some earlier researches carried out on healthy subjects also found women to have thinner macula than men. In this context, our result might not be associated to ARMD but rather to being female [22] [23] [24] [25] . Some authors argue that thinner macula in women might be attributed to hormonal changes in menopause and even propose that female gender could be a risk factor for other macula diseases such as macular holes 26, 27 . In the Beaver Dam Eye Study, macular thickness in women taking oral estrogen was on average 4 μm greater than in women not taking oral estrogen, although this difference did not reach statistical signifi cance 23 . Th is fi nding may have important implications because difference in thickness between men and women in dry ARMD may have an impact on visual function. Gen-der diff erences in CRT in dry ARMD found in our study should therefore be taken into consideration when performing macular analysis on OCT device. For future studies, it would be interesting to compare CRT and visual acuity between men and women, as well as to compare the rate of progression to advanced stages of disease between genders.
